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As'e  have  calculated  the  far  infrared  absornt  ion  lor  several  models  of  double  helical 
;A.  These  results  are  in  good  agreement  v: itli  experimental  observations.  We  have  also 
ttvd  our  results  to  observed  inelastic  neutron  scattering  data.  Again  the  results  are 
\  excellent  agreement  with  observation.  We  have  extended  our  calcuiat ions  on  helix  strand 
*  1 t  i ng  to  include  Methylated  DNA  and  many  other  DNA's  of  varying  base  pair  sequence.  All 
the  results  are  useful  in  leading  to  more  precise  predictions  of  the  dynamics  of  DNA 
land  separation  in  a  Car  i  n  fra  rot!  rati  i  at  ion  t  ield.  V.'e  have  a  1  so  extended  our  model  so  as 
>  predict  energy  flow  in  :  lie  natural  process,  of  '.'LA  transcription.  »>. .  „• 
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RESEARCH  OBJECTIVE:  To  investigate  the  role  of  far  infrared  excitations  that 
can  be  excited  by  EEL  radiation,  in  the  melting  of  DNA:  to  develop  an  under¬ 
standing  of  the  role  ol  such  excitations  in  transcription  and  replication. 


PROGRESS  (Year  2):  We  have  made  considerable  progress  toward  a  calculation 
of  tin-  amount  of  energy  in  a  free  electron  laser  beam  that  would  actually 
bo  absorbed  by  DNA.  The  first  step  required  a  careful  fit  of  our  calculated 
spectrum  to  infrared  absorption  observations.  This  has  been  completed  and 
the  fit  is  detailed  in  the  manuscript  "Calculation  of  Ear  Infrared  Absorption 
in  l'>  polv(dA)  •polv(dT)  which  is  enclosed  as  a  technical  report.  We  find  that 
the  actual  absorption  strength  does  depend  on  the  state  of  aggregation  of  the 
DNA  i.e.,  there  are  strong  interhelical  effects.  More  sophisticated  calcula¬ 
tions  are  needed  to  accurately  model  the  true  absorption  and  we  are  proceeding 
with  such  calculations. 

We  have  been  able  to  fit  our  basic  vibrational  mode  model  to  newly  published 
inelastic  neutron  scattering,  observations.  We  firl  that  our  model  fits  the 
observations  very  well.  We  have  used  the  information  obtained  to  improve  our 
model  bv  allowing  us  to  separate  charge  effects  from  dielectric  constant  ef- 
Iccts  in  a  more  complete  manner.  flic  reason  for  this  is  the  inelastic  neutron 
data  is  at  high  enough  t  requeue ies  to  he  above  the  large  rapidly  changing 
dielectric  response  o|  water.  I  enclose  t  w<  manuscripts  on  this  subject  as 
l echn i ca I  report s . 

We  have  made  progress  "ii  invest  i  sit  iag  the  role  oi  base  pair  sequence  in  DNA 
melting.  We  have  also  studied  sequenct  depend  at  response  to  lar  infrared 
absorption.  We  have  c.  i  i  ■  u  1  a l rd  the  molting  behavior  dittereuces  lor  methvlated 
vs.  tmme  t  ii  v  i  a  t  is)  DNA  and  we  have  c  iL  slate,  >  lie  molting  behavior  tor  7.  confor¬ 
mation  DNA.  For  tic  mothvlation  erse  predict  a  7K  increase  in  melting 
temperature  lor  metiivl.itcd  po  1  v  (  dGG  )  •  po  1  v  (  d<  T  )  compared  to  unmet  liv  1  at  ed 

K  po  1  v (dGG ) • po 1 v  (dGG).  (In'  experimentally  observed  increase  is  6K .  The  work 
i  mi  this  no  I  t  i !  ig  v  i  r  i  a  t  i  on  is  contained  in  throe  la.inu  si  r  i  p  t  s  which  arc  one  1  used 
as  t  echn i ca I  report s . 


onliiu-aritv  of  the  lar  inlrared  modes  involved  in 
Wo  t  omul  that  these  modes  arc  likelv  to  displav 


We  have  also  exp!,  nod  r  In-  ion  1  i  noa  r  i  t  y  of  the  tar  inlrared  modes  involved  in 
molting  and  I'M,  absorption.  Wo  found  that  those  modes  are  likelv  to  displav 
so!  it, (iv  wive  nar;  adm'  which  wili  i>o  import. nit  in  i  re  detailed  iti.ilvsis  o' 
the  elicits  ol  III,  irradiation.  Ibis  work  is  detailed  in  a  manuscript  enclosed 
as  a  I  ci  Im  i  ca  ]  l  eper  I  . 
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WORK  PLAN  (Year  3):  We  plan  to  continue  along  the  lines  of  progress  for  the 
first  two  years.  We  will  explore  further  the  effect  of  state  of  aggregation 
on  the  actual  far  infrared  absorption.  When  this  is  understood  we  can  predict 
quantitatively  the  results  of  FEL  irradiation  on  DNA.  We  plan  to  study  ab¬ 
sorption  for  helices  in  a  crystal  interacting  with  other  helices.  We  plan  to 
complete  our  study  of  base  pair  sequence  effects  on  melting  and  far  infrared 
absorption.  Much  of  this  effort  has  been  completed  but  a  manuscript  of  the 
comparison  across  the  board  will  have  to  wait  until  we  have  a  better  handle 
on  the  melting  of  A-T  base  pair  systems.  We  have  also  begun  calculations  on 
the  transition  from  small  amplitude  normal  mode  behavior  to  large  amplitude 
solitary  wave  behavior  for  these  far  infrared  modes.  We  will  continue  such 
calculations  in  year  three. 

All  of  the  efforts  listed  are  key  elements  in  the  overall  plan  to  study  the 
absorption  of  FEL  radiation  and  to  predict  the  dynamic  effects  of  that  absorbed 
radiation.  All  of  the  individual  elements  in  that  program  are  progressing 
as  outlined  above.  The  task  remaining  is  to  complete  the  individual  calcula¬ 
tions  and  integrate  the  pieces  to  the  analysis  and  prediction  of  the  dynamical 
consequences  of  FEL  radiation. 

PUBLICATIONS  AND  REPORTS  (Year  2): 

1.  L.  Young  and  E.  W.  Prohofsky,  "Calculation  of  Far  Infrared  Absorption  in 
II  po  I  y  (dA)  •  po  I  v  (dT)  submitted  for  publication. 

2.  V.  V.  Prabhu ,  W.  K.  Schrol 1 ,  L.  L.  Van  Zandt,  and  E.  W.  Prohofsky.  "Helical 
Lattice  Vibrational  Modes  in  DNA",  to  be  published  in  Physical  Review  Letters. 

5.  W.  K.  Schrol 1,  V.  V.  Prabhu,  E.  W.  Prohofsky  and  L.  L.  Van  Zandt,  "Phonon 
Interpretation  of  Inelastic  Neutron  Scattering  in  DNA  Crystals",  submitted  for 
pub  1 i ca  t i on . 

A.  X.  M.  Hun  and  E.  W.  Prohofskv  "Vibrational  Spectra  of  Double  Helical 
Molecules  with  Ca  Symmetry,"  submitted  tor  publication. 

A.  X.  M.  I lu a  and  E.  W.  Prohofskv,  "Normal  Mode  Calculation  for  Methylated  Z-DNA 
pol  v(dC  -  m’dC )  .  (ilc  -  n/’dC  ) "  ,  submitted  for  publication. 

<>.  X.  M.  llua,  Y.  Pen)’,  and  L.  W.  P  i  >  .hot  sky  ,  "Calculated  Melting  Temperature  ol 

Methylated  Z-DNA",  submitted  tor  publication. 
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